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MONOGENEA (ZABROHLIsTI, JEDNORODI) ®

JEDNORODI - pUvodné se ffida Trematoda délila
do dvou podtrid Monogenea (jednorodi — jeden
hostitel) a Digenea (dvourodi — 2+ hostitelé)
NEODERMATA (NEODERMIS)- taxon, ktery slucuje
vétsinu parazitickych skupin platyhelmintu tedy
Monogenea, Trematoda a Cestoda.

- Zmeéna povrchu pri premeéné prvni larvy na
nasledujici (paraziticke) stadium

- larvy prvniho stadia maji heterogenni povrch,
ktery je ve vétsinou Cdastecné pokryt ciliarnimi
bunkami - pohyb. Tyto bunky jsou pri premene na_
dalsi ontogenetickeé stadium odhazovany a
zbyvajici €ast povrchu expanduje a vytvari
aciliarni povrchoveé syncytium (neodermis,
tegument) pritomné ve vsech ndasledujicich
stadiich

Horak a Volf 2007



MONOGENEA (ZABROHLISTI, JEDNORODI)

e tegument s mikrovily

SURFACE MORPHOLOGY OF MONOGENEAN
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MONOGENEA (ZABROHLISTI, JEDNORODI) ®

« nejvyznamneéjsi skupina parazitickych helmintd v akvakulturach
e vysokd reprodukEéni schopnost - viviparie
e zdroj sekundarnich infekci - viry, bakterie a houby



http://www.michigankoi.com/Koi-Diseases-and-Treatments-Koi-Health-and-Information-sc-288.html

MONOGENEA (ZABROHLISTI, JEDNORODI)

« malychrozmér? (0,03-20 mm)

« kosmopolitné rozsirend skupina - asi 5000 zndmych druhu, (V
Cesku a na Slovensku je evidovdno skoro 200 druhi)
— polarni kruh az aridnioblasti

* misto parazitace

- Ektoparaziti - hlavné sladkovodni a morské ryby (patogeny
napr. Gyrodactylus salaris) nékdy paryby, obojzivelniky, plazi
(zelvy) a savci (Oculotrema hippopotami — spojivkovy vak
hrochU),vyjimec&né bezobratli (korysi, hlavonozci)

- 95% monogenei parazituje na kizi nebo zabrech (az 95 %)

- Endoparaziti (malo druht)

 Vyznacuji se pomérné vysokou specifitou k druhu hostitele |
organoveé lokalizaci => koevolucni a ekologické studie



SYSTEM )

* fiSe Animalia - zivoCichové » kmen Platyhelminthes - plosténci»
podkmen Neodermata

e V soucasnosti se vedou diskuse o monofylii Ci parafylii taxonu
Monogenea,; nejnovejsi molekularni analyzy podporuji spise
monofylii

Klasifikace uvnitf této tridy je doposud nejednotnd. Nékteri autori déli tuto skupinu
parazitd na podtfidu Monopisthocotylea Odhner, 1912 a Polyopisthocotylea Odhner,
1912 (Buchman et Bresciani, 2006), jini na podtfidu Polyonchoinea (=
Monopisthocotylea) a Heteronchoinea(=Polyopisthocotylea) (Boeger et Kritsky, 2001).
Toto Clenéni se pouziva podle toho, zda se jako determinacni znak podtfidy bere v
Uvahu prichytny apardt larvalniho stadia (Polyonchoinea a Oligonchoinea) nebo
morfologie prichytnych orgdni dospélcd (Monopisthocotylea a Polyopisthocotylea)
(Justine, 1998).

Mono - jeden kompaktni opisthaptor

Poly — Clenity opisthaptor

Oba typy klasifikace u taxonU nizsiho fddu ddle zohlednuji také rozdilnou lokalizaci
téchto parazitl v rdmci hostitelského organismu (preferenci mikrohabitatu), skladbu
potravy Ci morfologii haptoru (Whittington et Chisholm, 2008).

Civdnovd 2014, rigordzni prace



SYSTEM

Buchman et
1 Bresciani, 2006
Monogenea
podtfida Monopisthocotylea
podtiida Polyopisthocotylea
Boeger et Kristsky,
2 2001
Monogenoidea
podtiida Polyvonchoinea
Heteroonchoinea
(Oligonchoinea,
podtfida Polystomatoinea)
podtfida Polystomatoinea
podttida Oligonchoinea
fad Chimaericolidea
1 éeled
fad Diclybothriidea
2 feledé
Tad Mazocracidea
podiad Mazocracinea
3 éelede
podiad Gastrocotylinea
10 éeledi
podiad Hexostomatinea
1 éeled
podiad Microcotylinea
10 éeledi
podiiad Discocotylinea
3 éclede
celed Discocotylidas
celed Octomacridae
coled Diplozoidas
Khotenowsky,
3 1985
Monogenea
podtfida Oligonchoinea
Tad Mazocraeidea
podrad Octomacrinea
celed Octomacridae
1rod
celed Diplozoidae
podéeled Diplozoinae
5 rodi
podéeled Neodiplozoinae
2 rody
4 NCBI
Monogenea
nadfad Monopisthocotylea
23 éeledi
(#1 incertae sedis)
rad Polyopisthocotylea
20 éeledi
celed Octomacridae
1 rod
celed Diplozoidae
5 rodii

Tabulka 1: Systematické ¢lenéni tfidy Monogenea dle raznych zdroju.
Taxonomickeé jednotky, které jsou predmeétem této prace, jsou vyznaceny

tuéneé. ,incertae sedis® - celed s nejistym systematickym zarazenim

Civanovd 2014, rigordzni prace



SYSTEM

—— Nemertodermatida

L—— Acoela

Catenulida
Proseriata

Tricladida
Polycladida

Macrostomida
—_ Haplopharyngida
Lecithoepitheliata

Prolecithophera
Kalyptorhynchia

sesterska skupina Neodermat
. tfida Trematoda
. tiida Monogenea

tfida Cestoda

—— Temnocephalida

Dalyelliida

—— Typhloplanida
Fecampiida
Urastoma
Ichthyophaga

—~—— Udonella

Aspidobothrea
‘.': Digenea

Polyopisthocotylea
'.'l— Monopisthocotylea
—— Gyrocotylidea
-~ —<+—— Amphilinidea
—— Eucestoda

—taxony blizce
pfibuzné taxonu
—JBilateria

volné zijici
Turbellaria

|

paraziticka
Neodermata

Obr. 1 Fylogeneticky strom kmene Platyhelminthes, vytvoreny na zakladé propojeni
morfologickych znaki a informaci o celé sekvenci 18S r1DNA. (pievzato
z LITTLEWOOD et al.. 1999b a upraveno podle ROBERTS et al.. 2009).

Zatloukalovd 2013, bakaldrskd prdce



MORFOLOGIE 1isk cviICENi @

« prohaptor
— prisavné ryhy (bothrie) pristni pHisavka_
— Ustni prisavka penis
— bukalni prisavky prmsiatick: tizy
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MORFOLOGIE )

Supiny, ploutve, Zabry zabry
epitel, mukus krev
pohyb po hostiteli spiSe staticti
hacky na opisthaptoru svorky, prisavky
larvy 14-16 margindlnich hacka larvy 10 marginalnich hacki
2 pary ocnich skvrn 1 par oc¢nich skvrn

chybi genitointestinalni kanal pritomen genitointestinalni kanal




SVALOVA SOUSTAVA )

® Okruzr“ Eudiplozoon nomcum

- ve sténdch reprodukcnich fraktu

e podélna
- svalova vlakna prochazeji celym
parenchymem od hltanu az po svorky

~w /s ~~ 7

e pricna
- svalova vlakna previddaji ve svaloviné
svorek

\/aligurové etal 2011

nesomaticka svalovina se vyskytuje v oblasti

Benedenia rohdei - zabra

haptoru, prisavek, hitanu, samciho - a —

kopulaéniho orgdnu a ootypu ACET B W
. , . BLsy— B

» pohyb - Casto pidalkovity ¢

(prohaptor/haptor) D

U gyrodaktyld bylo pozorovano pét druhd pohybU: prodiuzovaci a

zkracovaci pohyb, rotac¢ni pohyb, pohyb umoznujici viastni Cisténi, bézny F e’&:

pidalkovity pohyb a pohyb ve vodé (plavani). Plavani ve vodé bylo

prokazano pouze u Gyrodactylus rysavyi Ergens, 1973 EL-NAGGAR et al. F —

(2001 in ARAFA et al" 2007)' Whittington, Kearn & Beverley-Burton, 1994


https://www.youtube.com/watch?v=n3JdhHFV8yI

SVALOVA SOUSTAVA

Gyrodactylus rysavyi

25 pm

prm

am

Fig. 3. Diagram showing the musculatre of the marginal hooklet of G rywand,
ag, Anterior process of the guard: am, anchoring muscle; b, blade: do, domus; th,
fine bundle of muscle fibre; han, handle; mf, muscle filament; pg, posterior
process of the guard; prm, protractor muscle; rem, releasing muscle.

Arafa et al. 2007

Eudiplozoon nipponicum

Fig. 4 Attachment apparatus of E. nipponicum adult stages. a Half of
a haptor with the clamps organized in one row. SEM. b Muscular
haptor equipped with four pairs of clamps (cf) with exminsic muscle
bundles (arrows). CLSM. ¢ Lateral view of the clamps: every clamp
{cl) is controlled by groups of extrinsic muscle bundles (arows).
CLSM. d Ventral view of the clamps (ef): extrinsic muscle bundles
{arrows), muscle located between the lateral sclerite of the posterior
jaw and anterior jaw of the clamp (white arrow), muscle in the flexure
of the median plate (white arrowhead). CLSM. e, f Sections through
the lamellae of the host gills (fg) with haptor (%) of an attached
parasite. Note the detail of two well-developed muscular haptors with
clamps (cl), anterior, and posterior joining sclerites (arrowhead). LM

(MT). g Section of fused adult worms showing the hindbody (ib) with
fully developed attachment apparatus. already developed lobular
extensions (arrow), and prominent folds in the middle part
(arrowhead). forebody (/). LM (MT). h Detail of clamps (d)
controlled by the extrinsic muscle bundles (arrows): anterior and
posterior joining sclerites (arrowhead). The inser shows the attach-
ment of the endons (green due to Masson’s richrome staining) o the
joining sclerite {(arrow). LM (MT). i Detail of clamps (/) controlled
by the extrinsic muscle bundles (m): muscle located between the
lateral sclerite of the posterior jaw and anterior jaw of the clamp
(a@rrowheads), muscle in the flexure of the median plate (arrow). LM
(MT)

Valigurova et al. 2011



NERVOVA SOUSTAVA

« obdobneée jako u motolic, oCni skvrny, smyslové cilie
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Fig. 4. Dhsgram showing the nenous system of (2 nesavyi as revealed by AcThi
sammy. 2p, Anlerior projection; ave, snterior ventnal commissure; oy, cerehral
pnghs dol a3, dorsal oomnectves; die] —dled, dorsoelateral omneciives; dne,
dorsa| nerve cond ge, gmglionic cmnectives; ha, haplon bl hesd lobe; ilm,
mner hapioral nerve; Inc, kieral nerve cord; odm, outer haploral nerve; ph,
pharynx; phil —phe?, prefepionl gangl; m, pharynges] nerve; pr, pharyngeal
ring vel-weh, ventzl connective; viel —viod, ventrodatersl comectives; vne,
venirzl nerve oond.

Arafa et al. 2007

Dactylogyrus sp.

Pricea multae (PolyopI sthocotylea)

cilium

Klaus Rohde

dnc ’-.L
Inc —T
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vnc
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Fig. 1. A schematic of adult E. nipponicum illustrating the major neuronal
pathways of the central nervous system, as evidenced by whole-mount
immunostaining for the FaRP neuropeptide, GYIRFamide. b, brain: bs,
buccal sucker: cc, commissure: cl, clamps; dne, dorsal nerve cord: i, intes-
tine; Inc, longitudinal nerve cord; m, mouth; oo, cotype; ph, pharynx: sne,
caudal surface nerves; tc, transverse connective; vnc, ventral nerve cord.

Zurawski et al 2001


http://ac.els-cdn.com/S0020751901001928/1-s2.0-S0020751901001928-main.pdf?_tid=ec748ba8-731f-11e5-a008-00000aab0f26&acdnat=1444901845_534ef7d1bf005796f99fc94d97622668
http://www.thefishsite.com/articles/1507/monogenean-parasites-of-fish/
https://clinicalsciences.wordpress.com/article/monogenea-ectoparasitic-flukes-flatworms-xk923bc3gp4-75/

NERVOVA SOUSTAVA
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VYLUCOVACIi SOUSTAVA

» protonefridialniho typu

— plaménkové bunky

— sbérné kanalky

— parové exkrecni pory v
predni casti téla

- osmoregulace
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Konstanzova et al.




TRAVICI SOUSTAVA

« dobre vyvinuta

- bukalni"nalevka"

- prefarynx

- farynx

- faryngealni zlazy (peptidazy)

« esofagus
o strevo s 2 vétvemi

- Casto postranni vybézky

- Casto spojené

- epitel =separované bunky

« porava - rznorodd

- sliz, epitelové bunky, krev
Monopisthocotylea - obvykle epitel+sliz
Plyopisthocotylea - obvykle krev

Figute 15(a){e) Stages in early development of the monogenean Entobdella solere, showing progressive
elahoration of the gut diverticula. Drawn from living animals stained with neutral red. gG=glands of
Goto; ha=haptor; i<intestine; p=pharynx; t=testis. Scale bar: 0.5 mu.



TRAVICI SOUSTAVA

 Plyopisthocotylea - zpracovani krve

endocytdéza hemoglobinu
intracelularni zpracovani - podobné jako u extracelularniho

zpracovani krve schistosomami

osud Fe pritraveni:
hemoglobin - hem (tetrapyrolové jadro s Fe2*) a globin
oxidace: Fe2+ v tetrapyrolovém jaddre - Fe3* - hemozoin

nerozpus

r i L2+
I 7 . !

tny hemozoin exocytdza
o vy ¥

Konstanzova et al. 2014

Fig. 5 Intestine (TEM). a H: in cell (HC) ded by T
syncytium (CS). Note the nucleus (N) and numerous haematin vesicles
inside the cell and intact erythrocyte (Ery) in the gut lumen( GL). bIntake
of host haemoglobin (He) released from haemolysed erythrocyte by
digestive cell. Haematin cell lamellae (HCL) located apically towards
the gut lumen (L). Formation of various pinocytic vesicles (Fs) by
invagination of the plasma membrane of haematin cell. The outline of
the adjacent connective syncytium (CS) is amplified by numerous
lamellae. Note numerous mitochondria (M) and large nucleus (V) inside
the haematin cell. ¢ U-shaped haematin cell with typical basal position of

the nucleus (N) with nucleolus (Nu) in the process of ingestion of
haemoglobin (He) from the gut lumen (GL). Note the prominent endo-
plasmic reticulum (ER) and haematin vesicles filled with haematin and
connecting syncytium (CS) which envelopes the haematin cell. d Release
of haematin crystals (H) by haematin cell to the gut lumen. Note desmo-
somes (D) operating like a connecting and communication element be-
tween the haematin cell and commective syncytium, and numerous
haematin vesicles (HF) inside the haematin cell. Intact erythmcyte (Er)
is visible inside the gut umen.



POHLAVNI SOUSTAVA

* hermafrodité, nékdy trvaly

srUst dvou jedincU (rod
Diplozoon)

samc¢i: varlata, vassa
efferentia, vas deferens,
ductus ejaculatorius, genitalni
atrium, cirrus se
sklerotizovanymi dtvary

samici: germarium — produkce
vajicek, ovidukt, ootyp,
Zloutkové trsy, +/- vagina
(pouze jedna nebo jeden par,
vyjimecné chybi, Casto
vystuzena sklerity), déloha,
receptaculum seminis, +/-
genitointestinalni kanal —u
Polyopisthocotylea

e OQviparie, viviparie
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7IVOTNI CYKLUS A ONTOGENETICKA Sf2)

 Monopisthocotylea » Polyopisthocotylea
Obr. 5. Zivotni cyklus zastupcii rodu Gyrodactyius. (A) Pienos parazita kontaktem hostiteli; Obr. 4. Zivotni cyklus vejcorodého drubu Diplozoon paradoxum. (A) Dospély jedinec
(B-G) ontogeneticka stadia novorozeného jedince; (C) porod prvniho deefiného jedince (H); parazitujici na Zibrach ryb; (B) vajicko s filamentem a larvou onkomiracidiem uvniti; (C)
(D) oocyt vstupuje do prazdné délohy; (E) vyvoj saméiho reprodukéniho aparatu; (F) porod volné plovouci onkomiracidium; (D) po pfichyceni na Zibrach onkomiracidium metamorfuje
druhého dcefiného jedince (I). Pohlavni rozmnozovani zacina od (E) dile, takZe az tieti na diporpu; (EF) parovani diporp na hostiteli a dospivani parazita (upraveno podle

deefiny jedinec nuiize byt zplozen pohlavné (upraveno podle Keama, 1994). Mehlhoma, 2004).
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PRICHYTNY APARAT

 Monopisthocotylea - PROHAPTOR

Obr. 3-28 Monogenea. Morfologie prislusnikd rdznych skupin monogenei. A - Gyro-
dactylidae, B - Dactylogyridae, C - Monocotylidae, D - Polystomatidae, E - Diclidophori-
dae, F - Hexastomatidae (dle Mehlhorm a kol, 2001, upraveno).



PRICHYTNY APARAT

 Monopisthocotylea - PROHAPTOR
- PREDNI konec t&la - slabsi pfichycovaci fce, smyslové org., zlazky,
laloky, svalové zahyby




PRICHYTNY APARAT

 Monopisthocotylea — OPISTHAPTOR
- determinacni znaky

':'r% =

T

- J
Obr. 3-28 Monogenea. Morfologie prislusnikd rdznych skupin monogenei. A - Gyro-
dactylidae, B - Dactylogyridae, C - Monocotylidae, D - Polystomatidae, E - Diclidophori-
dae, F - Hexastomatidae (dle Mehlhorm a kol, 2001, upraveno).




PRICHYTNY APARAT )

 Monopisthocotylea — OPISTHAPTOR
- ZADNJ konec t&la - hlavni piichycovaci funkce
- sklerotizované hacky a desticky => silné poskozeni tkani hostitele

Macrogyrodactylus polypteri (SEM) Thylacicleidus latus (SEM)

4
£

Gyrodactylus salaris




SYSTEM — Monopisthocotylea sk cwém@

» rod Dactylogyrus * rod Gyrodactylus

Obr. 3-31 Monogenea, Polyonchoinea.
A - Dactylogyrus sp., B - Gyrodactylus sp.
PO - pfedni pfichycovaci organ, O5 - ofni
skvrny, HL - hltan, KO - kopulacni organ,
GE - germarium, EM - vyvijejici se embryo,
TE - varlata, 5T - strevo, OP - opisthaptor
{(dle Roberts a Janovy, 2005, upraveno).



SYSTEM - Monopisthocotylea ®

» rod Dactylogyrus

- paraziti velmi malych rozmérU (kolem 1 mm)

- predevsim na zabrach ryb

- Uzka hostitelska specifita, nékteri vyznamné patogeny - D. vastator
na plodku

- jsou oviparni, k nakaze dalsiho hostitele dochazi az poté, kdy

se ve vodeé ze zralého vaijicka vylihne onkomiracidium, které
aktivhe vyhleda novou rybu



rod Dactylogyrus

« Dactylogyrus vastator
- Patogen

Zivotni cyklus
Ha-b; uvolnéni vaijicka
Hc-f; a vyvoj vajicka a juvenila

Hg-j; prfichyceni na rybu a
presun na zabry

« Dactylogyrus coartatus


http://comenius.susqu.edu/biol/202/animals/protostomes/spiralia/platyzoa/platyhelminthes/dactylogyrus-lh-olson.html

SYSTEM - Monopisthocotylea

* rod Gyrodactylus

rozméry rozméru(asi 1-1,5 mm),

cizopasici predevsim na povrchu

vyznamné patogeny (napr. G. salaris na lososech)

jsou zivorodi - zpUsob jejich rozmnozovani byva oznacovdn jako
pedogeneticka polyembryonie

prenosu na novou rybu neni vyuzivana volne plovouci larva, ale
dojde k nému pri vzadjemném kontaktu dvou hostitelU

Hostitelska specifita neni tak uzka jako u Dactylogyridae

O,



rod Gyrodactylus

» Gyrodactylus salaris

malé rozmeéry (asi 0,5 mm)
hostitel Salmo salar

predevsim na povrchu ryb -
naruseni povrchu =>
sekundarni infekce

Obr. 5. Zivotni cyklus zstupcl rodu Gyrodactylus. (A) Pienos parazita kontaktem

(B-G) ontogeneticka stadia novorozeného jedince; (C) porod prvniho deefiného jedince (H):
(D) oocyt vstupuje do prazdné délohy; (E) vyvoj samciho reprodukéniho aparatu; (F) porod
druhého deefiného jedince (I). Pohlavni rozmnoZovani zacina od (E) dale, takZe az treti
dcefiny jedinec mize byt zplozen pohlavné (upraveno podle Keama, 1994).




rod Gyrodactylus

» Gyrodactylus salaris — formovani embrya

formovani embrya v reprodukCnim systému

relativné nizka fekundita, ale rychla reprodukce (24 hodin po
,harozeni*)

1. embryo vznikd asexudine ze shluku bunék uvnitt
»embryonalniho rodice"

2. embryo vznika jiz z oocytU v uteru, ale pred dozrdnim samci
soustavy — partenogeneze

nasledujici embryo vznikd jiz po oplodnéni nebo

partenogeneticky
.-"'-.--?:E___ i
==
les, A, | | ||
oA -"'I__.- i ! ;__. _:--::_.
o 5 ;
-_.-'-'I-__" . i) _-""'_-F-"_.-.-' FiviBin s
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rod Udonella

« Udonella sp.
- puvodné povazovdna za plosténku

- mezi monogenea prefazena na zakladé morfologickych znakd
- neodermis, ,,opisthaptor" + molekuldrné fylogenetické studie

Figure 4

Obr. 3-32 Monogenea, Polyonchoinea.
Jedinci rodu Udonella sp. pfichyceni na
povrchu korysh parazitujicich na rybach.
A - nakres celkové situace, B — dospéli
jedinci na vajecném vaku koryse. VA - vajic-
ka prilepend na koryse, DO - dospély jedi-
nec (A dle Kearn, 1998, upraveno; B dle Bush
a kol., 2001, upraveno).




Monocotylidae
« 109 druhU

wor
£E2

Calicotyle kroyeri

B Calicolyls sp.
{mmm urolophi

100 |—-—Ca.'.lm!ym paltombi

L calicotyle stossichi

e prevazné paraziti paryb
— zraloci
e lokalizace - r0zné Cdsti
tela ryby - zabry, ploutve,
rektum, télni

dutinu - endoparaziti

wor
bt

Dictyocofyle cosliace

E 123 Empruthofrema dasyafis
_:Empmrhnfmma quindecima

Merizocofyle urolophi
Merizocofyle australensis

Merizocofyle icopas

100

Clemacodyle ausiralis

Dendramonocolyle oclodiscus

100

Dendromenccolyle ardea

Monocofyle corali

Momocofyle spiramae

&

E Sl:l ER International Journal for Parasitology 31 (2001) 1537-1547

Phylogenetic analysis of the Monocotylidac (Monogenea)
inferred from 28S rDNA sequences™
Leslic A. Chisholm™*, Jess A.T. Morgan™', Rob D. Adlard®, lan D. Whittington®

ity of Queendand.

“Department of Microbiology an

March 2001 ; accepted 23 March 2001
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Manocolyle helicophallus
Morocolyle mulipanous
Troglocaphalus minobatidis
Nechelerocolyle rhinobalidis

S8

ﬁ
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=

Neoheterocodyle rhynchobatis
Neohelerocolyle rhinobalis

[E2E

Heterocolyle capricornensis
Decacofple tetrakordyle

or
3

Dacacolyle ymmae
Decacofyle floridana

ﬁ

Heferocatyle capricamensis
Decacolyle fefrakordyle

,—D&cacm}-fa lymmae
L Decacotyie foridana



http://www.sciencedirect.com/science/article/pii/S0020751901003137
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PRICHYTNY APARAT

» Polypisthocotylea - PROHAPTOR

A\ 4

Hodovd. 2008, disertacni prace

Konstanzova et al. 2014



PRICHYTNY APARAT )

» Polypisthocotylea - OPISTHAPTOR

The Jou
Exper erlmental

iology



http://jeb.biologists.org/content/216/16/3008.figures-only

SYSTEM - Polyopisthocotylea ®

« rod Diplozoon TISK CVICENI (KLi¢ POD HYPERTEXTOVYM ODKAZEM)

_ Ve|IkOSt cca az 1 cm OerZwotm cyktus vejcomdeho druhu Diplozoon paradoxum. FA) Dospety jedmec
parazitujici na zabrach ryb; (B) vajicko s filamentem a larvou onkomiracidiem uvniti; (C)
volné plovouci onkomiracidium; (D) po pfichyceni na zibrach onkomiracidium metamorfuje
na diporpu; (EF) parovini diporp na hostiteli a dospivani parazita (upraveno podle
Mehlhorna, 2004).

- slozitéjsi ontogeneze

Ernst Hackel 1834-1919



d D . I Diplozooni na prvni pohled:
°1O 1P1I0ZO00N
p Abramis brama
- ’ v . Dhplozoon paradextm
- Zak|adn| OdllSﬂOStl Haptor rozdélen na ti Sasti — 1. tizkd s gonddami:
2. miskovita rozéifenina. u Fivého cerva velmi dobfe vidét;
3. svorky

Miskovita roziifenina

Cyprinus carpio

Endiplozoon nipponicum

Haptor s viraznym ryhovanim regimentu, rozdélen na ti Sasti —
1. iizka 5 gonadami;
2. trojibelnikovita roziifenina, v Zivého Serva velmi dobie vidét;
3. svorky - byva .ohmuoté™ dorzilné

-
ke T [ Te——




* rod Diplozoon

- zakladni odlisSnosti

Ostatnt druliy kaprovitvch rvb

Rod Paradiploezeon

Haptor bez vyrazného ryhovani, rozdélen na dvé casti —
1. izka s zonadami;
2. &ast se svorkami — konec téla za svorkami miFe byt
Lohroety™ dorzalné

Zadna rezSitenina
u redu Paradipolzoon

Stfedni hidak hledej tady — délka téla SH je znak taxonomicky stabilni
{a je maly — od 18 do 36 pm u riznych druhi)

Rod Paradiplozoon — validni druhy v Evropé,
u nas potvrzené molekularné

Paradiplozoon bliceae  Blicca bjperkna (cejnek maly)

Spojovaci sklerit ve tvaru

] j o rEy S
P. pavlovsliai Aspins aspius (bolen dravy) iRty chracensho plsmene T
F. megan Leuciseus cephalus (jelec tloust’)
P. nagibinae Abramis ballerns (cejn sinny)
F. sapae Abramis sapa (cejn perletovy)

Z téchto éervii se musi ndélat preparat svorek do GAPu

nebo do 4% form : glycerol (1:1), zméfit stiedni hacek a zjistit tvar ukonéeni predniho
konce stiedni desticky (mizny tvar ,rybiho ocisku®) a déllu a Zirku piednich
spojovacich skleritu svorky (pomérové) — viz piilozena publikace

F. homoion — popsany z Bufilus rutilns a Gobie gobio, generalista

Nalezeny na viech vyie uvedenych druzich rvb véetné kapra a cejna, Musi se ndélat
preparat svorek do GAPn nebo do 4% form @ glycerol (1:1), zmérit stiedni hacelz a
zjistit tvar prednich spojovacich skleriti svorky — nejlépe nakreslit pies kreslici
rafizeni. Nebo vyfotit detail svorky a poslat ......



e rod Diplozoon
- zakladni odliSnosti

Jak se déla preparat svorek

Do kapky vody dat Serva
Cdfiznout opisthaptor se svorkama
™ --""II. Zhytek téla muzZe na DMNA

Vodu odsavat filtratnim papirkem (FP)
z obou stran tak dlouho, az noha

praskne a svorky a stredni hacek se
FP |, __FP poloZi do jedné roviny
[ ,-f’ﬁxgz‘\.l Pak s& k hrané kryciho skla pfikapne
fixaz
e Memétei GAP, pinohodnotné ho

nahradi smés 4% form. : ghyceral 1 : 1




SYSTEM - Polyopisthocotylea

rod Polystoma

velikostccaaz l
cm

paraziti zab -
dospélci v
moCovém
meéchyri
adaptace na
reprodukeni
cyklus hostitele -
vytvar dve

generace

POlyStoma Qbr. 3-29 Monogenea. Zivotni cyklus Polystoma integerrimum. 1 — dospély jedinec,
= . 2 — lihnuti onkomiracidia z vajicka, 3 — napadeni mladych pulcd s vnéjsimi zabrami a vy-
Integel’rlmum voj progenetickych monogenei, 4 — produkce nové generace (vajicka a onkomiracidia),

5 - napadeni vnitfnich Zaber starfich pulcd, 6 - po metamorfdze pulcd na dospélé zaby
migruji paraziti do mocoveho méchyre (dle Mehlhorn a kol., 2001, upraveno).



Tahble 1

Anuran polystomatids: comparison of life-history characten stics

Parasite Protopol ystoma xenopodis Polystoma integerrimum Pseudodiplorchis americanus
Huost Xenopus (aquatic) Rana (mesic) Scaphiopus (arid adapted)
Transmission process

Invasion target All stages post-metamorphosi s Tadpole only Adult only
Pre-reproductive period 3 months 3 years I year

Maximun life span 2.5 years 6 years 4 years

Transmission within host population Continuous Omnee/fyvear (seveml weeks) Onee/vear (=224 h)
Frequency of invasion/findividual Continuous Once/lifetime’ Once/year

Maximun output of infective stages/parasite/year 3650° 2700 350

Transmission outoome

Prvalence (%) 40 12-25 50

Mean intensity reproduci ng wonms -2 -2 5-6

Maximun intensity reproducing worms [ B 30

* Possibility of additional invasion via neatenic cycle. Possibility of internal autoinfection. (Data from Lees, 1962; Combes, 1968, 1972; Tinsley, 1983).
* Calculated as 10 efw/d (Tinsley, 1995; Jackson and Tinsley, 2001).
® Larvae complete development in utero (Tinsley, 1995, 1999).

R.C. Tinsley, J.A. Jackson / International Journal for Parasitology 32 (2002) 353-365



* rod Polystoma

Polystoma integerrimum
(Rana temporaria)

Pseudodiplorchis americanus
(Scaphiopus couchii)

Neopolystoma liewi
(Cuora amboinensis)

) migration
y dunng

Pseudopolystoma dendriticum
(Andrias japonicus)

Oculotrema hippopotami
(Hippopotamus amphibius)

ancestral fish hosts



- Protopolystoma xenopodis

- dospélci v mocovém méchyri zab
- sekvenace genomu (2014)
P-‘":“"-;_h:n;‘ nall |I.|] pul M bnlh EDP Sciences, 2014 o PARAS”E

DOL: 10,105 1 /pars 201402
Available online at
www. parasite-journal org

RESEARCH ARTICLE OPEN g ACCESS

The morphology and attachment of Protopolystoma xenopodis
(Monogenea: Polystomatidae) infecting the African clawed frog
Xenopus laevis

Maxine Theunissen', Louwrens Tiedt®, and Louis H. Du Preez'*

old_assembliss 02.06.14 0:00:00
) Onchocerca flexuosa v1.0 4fagz BIMB O 0206.140:00:00
) Onchocerca achengi v10 4agz 29MB 02061400000
) Onchocerca volwls 3.0 4fagz 10MB 02061400000
) Pasascais_equonum 110 451z 462MB 02061400000
) Punstrongyloides trchosnei v20 dfagr 121MB 020640000,
| Protopelystoma xenopods v1.0 4faz IMB 0200, 4@
| PREADME" 1168 100614000

!

!

!

!

!

!

!

!

) Ruabéitophmnes sp v 4 fagz B7MB 020614 0:00:00

) Sanguinicol of inemmis v10.frgz SIMB - M0L1300000

) Schistocephahs soldhs 113 4foqz I4MB 0206.140:00:00

0 Schustosoma_bovis v1.0 fagz 93MB  M01130:00:00

u\ Schustosoma_curassont v10 45agz 100MB 02.06.140:00:00

H\ Schustosoma_gvmeensts v1.(fagz §97MB 24011300000

0 Schistosoma_intercalatum v1.0fa gz 056MB  2401.130:00:00

\ _ Schistosoma_margrebowies v13 4fa gz 108MB 02.06.140:00:00
Sclnslosom mattheei v1.0 4fagz 989NB 020614 0:00:00

Ll Sclnslosom todham v1.0 4fagz 97MB 020614 0:00:00

u\ Schustosomatnm_dovthutt v1.0 fa.gz 14MB  11.09.030:00:00

500 pm


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4018937/
ftp://ftp.sanger.ac.uk/pub/project/pathogens/HGI/

SYSTEM - Polyopisthocotylea

Diclidophoridae
rod Diclidophora

~hlubokomorské
Monogenea“

vysoky stupen
hostitelské
specifity velikost
zabry _
Diclidophora (
merlangi - hostitek.
atlanticka treska
(Gadus morhua) )

djﬁ%ﬁ-*

FIGURE 1. Diclidophora nezumiae sp. n., holotype. FIGURE 2. Clamp, posterior view. FIGURE
3. Cirrus armature. FIGURE 4. Detail of female reproductive system: gi, genito-intestinal canal; mg,
Mehlis’ gland; od, oviduct; ov, ovary; sr, seminal receptable; ut, uterus; vtd, vitelline duct. FIGURE 5.
Egg. in utero.

O,

Diclidophora sp.

foto J. Bulantova



F ~r

LECBA

Pro lécbu infikovanych ryb se apliku-
ji kratkodobé nebo dlouhodobé kou-
pele (napr. u akvarijnich ryb) razné-
ho slozeni (slabé roztoky amoniaku,
formaldehydu, trichlorfonu, chloridu
sodného apod.). Z hlediska prevence
je nezbytné dbat na parazitologickou
kontrolu nové vysazovanych ryb (ne-
bezpeci introdukce dospélych parazi-
ti1) a vhodnou tpravu krmeni, sub-
stratu a vody (nebezpeci introdukce

vajicek monogenei).
Horak a Volf 2007



ZDROJ INFORMACI

Search Tools
What's My Worm

Family

Resources

Images

P v > Ena»==u
fFa»n tlna

l\v'l‘b"- g = S—b B B S

Home How to Use MonoDb Biology Biosystematics Protocols Feedback Contacts

How to use MonoDb

MonoDb has been designed so that anyone with an interest in Monogenea can explore the site and perhaps obtain a little more information about a particular
species, genus or family.

MonoDb.org is a new site and we are keen that it becomes a useful information resource and research tool for people of all ages and of experience with Monogenea.

If this is one of your first visits to the site, then the "Home" page provides a quick introduction to the Class Monogenea. If you are looking for a little more detailed
information, then the "Biology” page begins to delve a little deeper whilst specific information about particular families, genera and species can be found under
dedicated pages to each by navigating your vay through the site by using the "Search Tools” listed down the left hand bar.

For those of you that have found an interesting worm and are keen to try your hand at identifying it, then "What's My Worm" is a good place to start which provides
a quick description of the two main types of Monogenea i.e. if your worm is a "hooker” (i.e. a principally hook bearing worm) or a “clamper” (i.e. a worm that
possesses large clamps for attaching to its host). To identify your worm, however, you need to study some of their body features and to do this, you need to make a
flat microscope preparation and then examine these at x20 to x100 on a good microscope. Having decided on which type of monogenean you have, clicking on
either the "Hookers™ or "Clampers™ hyperlink takes you to a key of the main families under each. Clicking on a particular family (e.g. Polystomatidae under the
"Clampers”) then provides a key of the main genera under that family and then particular species can be investigated by clicking on a particular genus (e.g.
Euploystoma).

For the more experienced monogenean researcher, the "Search Tools" listed dovm the left hand bar allow you to quickly navigate through the families, genera and
species with overviews being provided at each level. Once at the species level, then detailed descriptions, measurements of key structures, drawings, photographs,
molecular sequence data and the whereabouts of museum specimens are provided.

Resources

The "Resource”™ section listed dovmn the left hand side of the web page provides a library of scanning electron microscope (SEM) and confocal laser-scanning
microscope (CLSM) images alongside a range of video formats which includes image stacks, video clips and designated "e-types” or electronic types. Files generated
from image stacks by the CLSM, for example, permit internal structures in uncompressed specimens to be stained with an appropriate fluorescent dye and then to
be rotated and viewed from all angles. The submission of photographs and designated e-types into the image library will assist monogenean taxonomy in a number
of significant ways:



http://www.monodb.org/howtouse.php
https://www.youtube.com/watch?v=Uyfeouc-Np0

bonus @

PRIPRAVA PREPARATU Z MONOHENE

EVA REHULKOVA



Priprava cizopasniku pro druhovou determinaci

- : GAP = smés glycerinu a hasyceného roztoku pikranu amonného







Priprava cizopasniku pro druhovou determinaci

> Studium mekkych organi a vnitrnich struktur téla

- fixace: 4% formaldehyd, AFA, 4%
paraformaldehyd v 0,2M fosfdatovém
pufru

- barveni: Gomoriho trichrom,
Harristiv hematoxylin, Mayerstyv
acetokarmin, Semichontv karmin,

Zelezity acetokarmin




Determinace nalezenych cizopasniku

Olympus BX 50 (fdzovy kontrast a

diferencialni kontrast Nomarského)

- kresby - kreslici zarizeni a studené
svetlo firmy Olympus
- mikrofotografie - PM-10

digitdlni analyza obrazu (MicroImage
4.0. pro Windows 95)







HISTOLOGIE

Fixace: modifikovany fixacni roztok
dle Davidsona

Priprava tkanovych blo¢ku: klasicka
parafinova technika, Histoplast S
Barveni histologickych rezi:
Hematoxylin-Eozin

Odvodnéni, projasnéni a montovani

do kanadského balzamu
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PARAZITOLOGICKA PITVA RYB ®




PREPARATY - TISk CVICENT (V3E 7 BRNA E. REHULKOVA)@

Entobdella sp. — (Monoopisthocotylea, Capsalidae), h. Solea solea (platyz)
Haliotrema sp. - (Monoopisthocotylea, Dactylogyridae), h. koralové ryby
Ancyrocephalus SP. - (Monoopisthocotylea, Dactylogyridae), h. Sander lucioperca (candat)
Teraonchus SP. - (Monoopisthocotylea, Dactylogyridae), h. Esox lucius (Stika obecna)

DaCty|OgyI‘US CoartatUS - (Monoopisthocotylea, Dactylogyridae), h. Balantiocheilos melanopterus(parmicka zralo&i)
Macrogyrodactylus SP. - (Monoopisthocotylea, Gyrodactylidae), sladkovodni ryby (Afrika)
ThyIaCiCIGidUS brunensis - (Monoopisthocotylea, Dactylogyridae), h. Tetraodon nigroviridis (Stverzubec zeleny)

Udonella sp. — (Monoopisthocotylea, Udonellidae), hyperparasit, coppoda
(Lepeophtheirus salmonis) pazazitujicich na rybach

Allopyragraphorus sp. (Polyopisthocotylea), h. Trachinotus

Sparicotyle sp. (Polyopisthocotylea, Microcotylinae), h. Sparus aurata
Octomacrum euro Paeum (polyopisthocotylea, Mazocraeinea), h. Albumoides bipunctatus (ouklejka pruhovana)
Diplozoon paradoxum (Polyopisthocotylea), h. Abramis brama

Eudiplozoon nipponicum (Polyopisthocotylea), h. Cyprinus carpio
Polystoma integerrimum (Polyopisthocotylea), h. zaby

Diclidophora sp. (Polyopisthocotylea), h. Trisopterus (treska)
Heterobothrium sp. - (Polyopisthocotylea), h. pr. Tetraodon lineatus (Ctverzubec)

Diplocotyle saginata- (Polyopisthocotylea), h. pf. Tetraodon lineatus (tverzubec)
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